Abstract Little research exists on the impact of behavior change interventions in disadvantaged communities. We conducted a prospective study to explore the effectiveness of motivational interviewing on physical activity change within a deprived community and the social-psychological and motivational predictors of change in physical activity including stage of change, self-efficacy, social support, and variables from self-determination theory and the theory of planned behavior. Five motivational interviewing counsellors recruited 207 patients and offered motivational interviewing sessions to support physical activity behavior change. At 6-months there were significant improvements in physical activity, stage of change, and social support. A dose-response relationship was evident; those who attended 2 or more consultations increased their total physical activity, stage of change and family social support more than those who attended just one. Hierarchical regression analyses indicated that number of sessions and change in stage of change predicted 28.4 % of the variance in change in total physical activity and, with social support from friends, 21.0 % of the variance in change walking time. Change in perceived behavioral control and attitudes, friend social support, and number of sessions predicted 16.8 % of the variance in change in vigorous physical activity. Motivational interviewing is an effective approach for promoting physical activity amongst lower socio-economic status groups in the short term. The study demonstrates good translational efficacy, and contributes to a limited number of physical activity interventions targeting low income groups in the UK.
Introduction
Physical inactivity presents substantial risks to public health and an estimated 60-70 % of the adult population in the UK do not engage in sufficient physical activity to prevent chronic illness (Blair, 2009) . There is now considerable evidence supporting the benefits of regular physical activity in the primary prevention of chronic diseases (Warburton et al., 2006; Orozco et al., 2008) and in the secondary prevention of illness in individuals with existing medical conditions (Wood et al., 2008; Wolin et al., 2009) . Epidemiological studies have established that leading a sedentary lifestyle increases the incidence of at least 17 medical conditions (Helmerhorst et al., 2009; Katzmarzyk, 2009) . Currently, it is reported that 39 % of men and 29 % of women meet the recommended levels of physical activity in the UK (The Health and Social Care Information Centre, 2010) . However, accelerometer data taken from the 2008 Health Survey for England found that of those claiming to meet recommendations, only a mere 6 % of men and 4 % of women actually did (Craig et al., 2009) . Therefore, sedentary behavior, and the medical conditions to which it gives rise, is likely to be more widespread than current reports indicate and represent a significant proportion of the disease burden facing the National Health Service (NHS). At a local level, the average healthcare cost of physical inactivity per Primary Care Trust is approximately £5 million per year (Department of Health, 2009) .
Physical activity participation also varies by socio-economic status; individuals of a lower socio-economic status are less likely to adopt and maintain a healthy lifestyle (McNeill et al., 2006; Kamphuis et al., 2009 ). Subsequently, a positive relationship has been found to exist between socioeconomic position and physical activity status (Saavedra et al., 2008; Sallis et al., 2009) , with social class, income, and education all found to be significantly related to participation (Stamatakis & Chaudhury, 2008) . The inverse association between socio-economic status and health is now well established (Kamphuis et al., 2007) ; with individuals of a lower socio-economic status having higher risks for both morbidity and all-cause mortality than their higher socio-economic status counterparts (Huisman et al., 2005; Mackenbach et al., 2008) . For example, between 2001 and 2006 the death rate from coronary heart disease in the 20 % most deprived areas in England was nearly 60 % higher than the rate in the 20 % least deprived (British Heart Foundation, 2009 ). The socially disadvantaged also experience a disproportionate increase in the prevalence of most chronic diseases (Everson-Rose & Lewis, 2005; James et al., 2006) and psychosocial stress (Latkin & Curry, 2003) . Despite the compelling evidence of the need to target socially disadvantaged groups, reviews point to the paucity of data on the impact of behavior change interventions amongst disadvantaged communities (Michie et al., 2009) , with only three (Sykes & Marks, 2001; Lowther et al., 2002; Steptoe et al., 2003) randomized controlled trials (RCTs) conducted within the UK, two in the USA (Rosamond et al., 2000; Emmons et al., 2005) , and one in Canada (O'Loughlin et al., 1999) . Furthermore, there have been few interventions that target low socioeconomic status individuals within primary care (Dutton et al., 2007; Parra-Medina et al., 2010) . Therefore, building evidence towards the 'what works and for whom' requirement among disadvantaged groups is in its infancy (Michie et al., 2009) .
Interventions adopting motivational interviewing, a oneto-one client-centred counselling technique, have shown promise in promoting physical activity in comparison to standard treatments or controls (Hardcastle et al., 2008; Benbassat et al., 2008; Miller & Beech, 2009 ). Reviews and syntheses of research using motivational interviewing have revealed that both number and duration of motivational interviewing sessions are related to behavior change. For example, a meta-analytic synthesis of 72 RCTs using motivational interviewing in health-related contexts (e.g., weight reduction, alcohol and smoking cessation) revealed that the technique was more effective in improving behavioral (e.g., number of cigarettes, alcohol consumption) and health related (e.g., body mass index, cholesterol) outcomes relative to usual care control groups (e.g., advice giving) in 80 % of studies (Rubak et al., 2005) . The size of the motivational interviewing effect was large for direct indexes of behavior (e.g., number of cigarettes, d = 1.32; alcohol consumption, d = 14.64) and small-to-medium for outcomes associated with behavior change (e.g., body mass index, d = 0.72; cholesterol, d = 0.27) relative to usual care. Of motivational interviewing encounters lasting 60 min, 81 % of studies demonstrated an effect compared to only 64 % of studies with an encounter equal to or less than 20 min. Furthermore, an effect was found in only 40 % of studies with only one counselling session, but in 87 % of studies with more than five. Previous motivational interviewing research has included the use of 'adaptations' of motivational interviewing as opposed to 'pure' motivational interviewing and the optimal dose to promote autonomous forms of motivation and sustained physical activity change is unclear (Martins & McNeil, 2009) . Furthermore, many studies have combined motivational interviewing with other strategies (e.g., a pedometer), making it difficult to determine the unique contribution of motivational interviewing to behavior change (Martins & McNeil, 2009 ). In addition, there remains a dearth of evidence as to how and why motivational interviewing interventions might work (Burke et al., 2003) .
Motivational interviewing is recognised as technique that is not based on any one particular theory. It has been linked to constructs from a number of social-psychological models of health behavior and represents an integrated set of theorybased components (Hagger, 2009; Orbell et al., 2006) . Specifically, motivational interviewing has been shown to provide three of the key components that support psychological needs based on self-determination theory (Deci & Ryan, 1985 , 2000 , to enhance selfefficacy from social cognitive theory (Bandura, 1977; Rohsenow et al., 2004) , and to increase attitudes and perceived behavioral control from the theory of planned behavior (Ajzen, 1985; McEachan et al., 2011) .
Motivational interviewing has been explicitly linked with self-determination theory in that its key components provide support for each of the psychological needs for competence, autonomy, and relatedness Markland & Vansteenkiste, 2007) . The structure provided by the practitioner, such as helping the client develop appropriate goals and providing positive feedback, targets the psychological need for competence. The provision of autonomy support by using client-centred strategies like rolling with resistance, exploring options, and letting the client make decisions, all support the need for autonomy. The involvement of the client by the practitioner in terms of expressing empathy, demonstrating an understanding of the client's position, and avoiding judgemental talk, supports the need for relatedness. Together, the satisfaction of these needs through motivational interviewing is likely to foster increased autonomous motivation to engage in physical activity and result in increased behavioral engagement and adherence.
In addition to these explicit links between psychological need satisfaction and motivational interviewing components, there are also components that explicitly support the situational promotion autonomous motivation through the behaviors of social agents in the actor's environment. In the case of motivational interviewing, the motivational interviewer is the 'social agent' and the client is the 'actor'. In a seminal study of autonomy support, Deci et al. (1994) suggested that the provision of choice, acknowledging difficulties and conflict, and exploring reasons and rationales for engaging in a given behavior were all important components of autonomy support and would promote autonomous motivation for that behavior. The 'menu of strategies' and guiding principles typically adopted by motivational interviewers include encouraging client choice (e.g., 'eliciting change talk'), acknowledging difficulties and conflicts (e.g., 'rolling with resistance'), and providing reasons and rationale (e.g., 'exploring pros and cons') as options. This means that typical aspects of motivational interviewing are likely to foster autonomous forms of motivation and, as a consequence, promote increased autonomous motivation.
Based on this theory, interventions with autonomy-supportive components, like motivational interviewing, are proposed to be effective in promoting behavioral engagement and adherence because they evoke a concomitant change in levels of autonomous motivation . Researchers have frequently adopted measures of autonomous motivation to ascertain whether such strategies are effective in producing change in the psychological mediators of behavior change (e.g., Williams, 2002) . According to self-determination theory, motivation is typically reflected in four forms or types ordered on a continuum from autonomous to controlled (Ryan & Connell, 1989) . Intrinsic motivation is the prototypical form of autonomous motivation where behavior is driven by choice (e.g., exercising for enjoyment). Identified regulation is an autonomous form of regulation, but reflects acting to obtain some externally-referenced goal which is personally valued (e.g., exercising to gain fitness). Introjected regulation is a controlled form of motivation, and reflects acting to obtain some externally-referenced outcome (e.g., exercising to improve appearance or to avoid guilt). Finally, external regulation is the prototypical form of controlled motivation and reflects behaving for external reinforcement (e.g., exercising to gain a reward). Investigations involving autonomy-supportive components have typically used a single index of autonomous motivation based on a weighted average of the four types of motivation, known as a relative autonomy index. This provides a measure of the degree to which an individual feels his or her environment supports autonomy. A comparatively recent addition to the conceptualization of forms of motivation is amotivation, which reflects individuals who lack intention or drive and therefore a complete lack of both types of motivation from selfdetermination theory (Deci & Ryan, 2000) .
Motivational interviewing has also been closely linked with self-efficacy and constructs from the theory of planned behavior, particularly attitudes and perceived behavioral control. With respect to self-efficacy, setting personally-relevant goals, providing individualized feedback, and using visual imagery to compare the current and desired outcomes of physical activity are all motivational interviewing components that have been adopted to enhance self-efficacy. Indeed, the enhancement of selfefficacy is proposed to be one of the mechanisms by which motivational interviewing changes physical activity behavior (Miller & Rollnick, 2002) . Research has demonstrated that motivational interviewing interventions lead to increases in self-efficacy (Chen et al., 2011; Rohsenow et al., 2004) , although, to date, there is limited data to demonstrate its role as a mechanism despite researchers acknowledging its potential role (Shaikh et al., 2011; Walpole et al., 2011) . In terms of the theory of planned behavior, motivational interviewing incorporates techniques designed to promote increased attitudes toward the target behavior such as dispelling negative beliefs through change talk (Bertholet et al., 2011) and empowering individuals to overcome with barriers (Ridge et al., 2012) have been mooted as means to change behavior by targeting attitudes and perceived behavioral control respectively.
Research to examine whether intervention effects are due to changes in the previously-reviewed theoretical constructs is relatively sparse (Lewis et al., 2006) . As such, the current study measures some of the most likely socialpsychological and motivation predictors of behavior change hypothesized to mediate the effects of our motivation interviewing intervention (Amireault et al., 2008; Lorentzen et al., 2007) . Specifically, we included measures of self-efficacy (Lewis et al., 2006; Burke et al., 2008) , social support (Parks et al., 2003) , autonomous forms of motivation from SDT ) and attitudes and perceived behavioral control from the Theory of Planned Behavior (Courneya & Bobick, 2000) as important candidate social-psychological and motivational mediators of the effects of our motivation interviewing intervention on physical activity.
Based on the evident health and cost implications of leading an inactive lifestyle, the robust findings linking lower socio-economic status to undesirable lifestyle behaviors and consequently poorer health, as well as the limitations of previous motivational interviewing research, the purpose of this study was threefold: (1) to investigate the effectiveness of using motivational interviewing within the primary care setting to increase physical activity amongst lower socio-economic groups, (2) to examine the degree of support needed to facilitate physical activity, and (3) to explore the social-psychological and motivational predictors of physical activity behavioral change.
Method

Participants and recruitment
Participants were recruited via opportunistic and purposive sampling procedures. Qualified healthcare professionals (e.g., family physicians, practice nurses) referred eligible participants to the 'lifestyle change facilitation service'. The inclusion criteria were patients that were either sedentary, insufficiently or moderately active who did not exhibit contra-indications for physical activity. Insufficient physical activity was defined as not meeting the recommendations as outlined in the Chief Medical Officer's report (Department of Health, 2004) , namely, less than 5 9 30 min of moderate-intensity physical activity per week. Essentially, General Practitioners referred patients to the lifestyle change facilitation service on the basis that their physical and mental health could benefit from increased physical activity. Since the focus of the study was to explore the efficacy of the intervention in disadvantaged communities, we recruited participants from electoral districts with overall low socio-economic status (NHS East Sussex Downs & Weald, 2009 ). Healthcare professionals selected eligible patients that met the inclusion criteria for the study during routine consultations.
We conducted an analysis to ensure a sufficiently-large sample was recruited so that our study was adequatelypowered to find hypothesized effects. Given previous research and meta-analytic findings that have typically found medium effects for motivational interviewing on health-related behavioral outcomes (Rubak et al., 2005) , including physical activity (Armstrong et al., 2011) , we aimed to detect an effect of the motivational interviewing intervention on the primary outcome physical activity outcomes (total, moderate, vigorous, and walking) of medium size with power (beta) set at 0.80 (beta level) and probability (alpha level) set at 0.05. Other than the pre-and post-trial comparisons, we also included independent variables of attendance and socioeconomic status as independent variables, reflecting our mixed 2 (time: baseline vs. 6-month follow-up) 9 2 (socio-economic status: high vs. low) 9 2 (attendance status: high vs. low) ANOVA design. Based on these criteria, we estimated that the minimum sample size was for a two-tailed hypothesis was 128. Given an expected 6-month drop-out rate of in participants from comparable motivational interviewing studies of approximately 40 % Hardcastle et al., 2008; DiMarco et al., 2009; West et al., 2007) , we estimated a minimum sample size at recruitment (baseline) of 180.
During an initial appointment, patients were introduced to the research and given a participant information sheet. Once consent was obtained, patients were required to complete a questionnaire. Following the initial appointment, a follow up appointment lasting between 45 min and 1 h was offered, with the number and frequency of follow up sessions at the patient's discretion (with a maximum of 12). Six months following a patient's initial appointment, questionnaires were posted for self-completion. Approval was obtained from Brighton West NHS Ethics Committee and the Sussex NHS Research Consortium prior to the commencement of the study.
Counselling intervention
The behavior change intervention known as the 'lifestyle change facilitation service' is delivered across selected health practices within the Hastings and Rother district in the South East of England targeting wards with the lowest life expectancy. Based on the application of motivational interviewing (Miller & Rollnick, 2002) , in conjunction with the Transtheoretical Model (Prochaska & DiClemente, 1983) , the lifestyle change facilitation service seeks to provide patients with one-to-one behavior change counselling (Hastings & Rother Primary Care Trust, 2008) . Motivational interviewing was implemented by five Lifestyle Change Facilitators. Patients were not told reasons for change; 1 instead, the focus was on exploring ambivalence 1 It is important to acknowledge that it is possible that General Practitioners may have provided some information on reasons for change during the course of their consultations with the patients prior to referral. However, this information provision would have been informal and the decision to access the lifestyle change facilitation service would be the decision of the patient. It is unlikely that the informal information given at the General Practitioner referral stage would have any lasting effect next to the more formal, intensive, focused, and systematic intervention approach used in the motivational interviewing session. The process of referral from the healthcare professional is an integral part of many one-to-one counselling approaches to behaviour change, such as motivational interviewing. The method followed in the current study therefore represents an authentic referral-intervention approach.
and eliciting self-directed 'change talk' (Amrhein et al., 2003) . Strategies to build autonomous motivation in those ambivalent about change such as agenda setting, decisional balance and eliciting change talk were practiced, alongside strategies for those sufficiently motivated to strengthen commitment to change and negotiate a change plan (Hardcastle et al., 2008) . Typical strategies adopted by the counsellors included agenda setting/typical day, exploration of the pros and cons, importance and confidence rulers and the 'two possible futures' strategy (looking over the hypothetical fence). Such strategies were learned on the advanced course on motivational interviewing and have been found to help elicit change talk, develop discrepancy and enhance readiness, and commitment for change. When patients were ready to change, a general discussion would ensue typically around planning and realistic goal setting (first steps). Sometimes a change plan worksheet would be used but mostly it was discussed informally. A discussion around planning would involve considering potential obstacles/barriers and enlisting social support to help support behavior change efforts. As an example of strategy, the importance and confidence ruler technique promoted by Rollnick (1997) began with two questions: (1) ''On a scale of 1-10 (with 10 being the highest), how important is it for you to increase your physical activity level?'' and (2) ''On a scale of 1 to 10, if you did want to increase your physical activity level, how confident are you that you could do so?'' Following the patient's response, the facilitators followed with two probing questions: (1) ''Why did you not choose a lower number?'' to elicit positive motivational statements from patients and (2) ''What would it take for you to give a score of 9 or 10?'' to elicit the barriers that the patients typically experienced. The lifestyle change facilitators then summarized the patient's responses and, if barriers were cited by the patient, prompted the patient to identify potential solutions, whilst seeking permission to list additional resolutions. Where appropriate, the consultation ended with a goal set by the patient, linked to the solutions discussed (Resnicow et al., 2001 ). The nature of each consultation was unique to the patient and visit, with different strategies employed depending on patient need and readiness to change.
Intervention fidelity
All Lifestyle Change Facilitators participated in two motivational interviewing courses; delivered by an accredited MINT (Motivational Interviewing Network of Trainers) trainer. The first was a 2-day introduction, whilst the second was a 4-day advanced course. Both events focused on the principles of motivational interviewing and emphasized the key underlying spirit (Emmons & Rollnick, 2001 ). All Lifestyle Change Facilitators were then required to perform an audio-taped consultation session and have it assessed by the independent MINT trainer using the MITI 3.1(Motivational Interviewing Treatment Integrity). The MITI (Moyers et al., 2010 ) is a one-pass behavioral coding system designed to measure treatment fidelity using a 20-min segment of a motivational interviewing session. The manager of the lifestyle change facilitation service observed all facilitators on a further three separate occasions to assess their adherence to and confidence in delivering motivational interviewing. Lifestyle change facilitators were given written feedback. The assessment undertaken by the service manager followed the approach advocated by Miller and Mount (2001) . This assessment included the degree to which the facilitators adhered to the spirit of motivational interviewing, their use of key skills and of motivational interviewing consistent and inconsistent responses. Lifestyle Change Facilitators also attended monthly team meetings and bi-monthly clinical supervision in which discussion of motivational interviewing implementation could take place. Finally, lifestyle change facilitators gained at least 6 months experience within routine consultations prior to the start of data collection.
Measures
Physical activity
Self-reported physical activity was assessed using the short version of the international physical activity questionnaire (IPAQ); Booth, 2000) . The IPAQ collects data on the intensity, frequency, and duration of physical activity in the previous 7 days. Median MET-minutes for varying intensity physical activity are calculated. A total physical activity score is calculated by adding up scores from the various intensity domains. The IPAQ has acceptable reliability and criterion validity (against the MTI accelerometer) (Craig et al., 2003) . Data cleaning and scoring followed the procedures outlined in the guidelines for use of the IPAQ (The IPAQ Group, 2012).
Psychological variables
Physical Activity Stage of Change was assessed using the physical activity Stages of Change flow chart (Blair et al., 2001 ) which classified participants as either in pre-contemplation, contemplation, preparation, action, or maintenance, based on their 'yes' or 'no' response to five questions. Self-efficacy was assessed with the Self Efficacy for Exercise Scale, a revision of McAuley's (1990) Self Efficacy Barriers to Exercise measure, consisting of nine situations that might affect participation in exercise (example items include ''tired'', ''busy'', ''weather'', and ''bored'') with responses given on a 5-point scale ranging from 1 (not at all) to 5 (very much). The scale displayed high internal consistency (Cronbach alpha, a = 0.86). Behavioral Regulation in Exercise was assessed with the BREQ-2 which operationalizes exercise motivation along a self-determination continuum and includes measures of external, introjected, identified, and intrinsic regulation, and a measure of amotivation. The sub-scales displayed acceptable internal consistency (Internal consistency for external regulation, a = 0.71; introjected regulation, a = 0.68; identified regulation, a = 0.65; intrinsic motivation, a = 0.89; amotivation, a = 0.63). The variables from the motivational continuum were used to compute a single relative autonomy index through a weighting procedure with amotivation being assigned a weight of -3, external regulation a weight of -2, introjected regulation a weight of -1, identified regulation a weight of +2, and intrinsic regulation a weight of +3. It was, therefore, considered separately in current analyses. Attitude was assessed via response to the statement ''For me, exercising over the next 2 weeks would be…'' This statement was then paired with six bipolar, 7-point adjective scales to assess both instrumental and affective attitudes. Instrumental attitude was assessed by responses on three items (useless-useful, foolish-wise, harmful-beneficial), whilst affective attitude was measured via responses to the remaining three items (un-enjoyableenjoyable, boring-interesting, stressful-relaxing). The scale displayed acceptable internal consistency (a = 0.68). Perceived Behavioral Control (PBC) was measured along three dimensions using 7-point Likert scales. The questions used were ''How confident are you over the next 2 weeks that you could exercise regularly if you wanted to do so?'' (Very unconfident-very confident), ''How much personal control do you feel you have over exercising regularly over the next 2 weeks?'' (Very little control-complete control), and ''How much I exercise in the next 2 weeks is completely up to me?'' (Strongly agree-strongly disagree). The scale displayed high internal consistency (a = 0.86). Social Support was assessed using the Social Support for Physical Activity Scale (Sallis et al., 1987) . The scale lists 13 statements in which participants are required to score the frequency in which the statement has occurred over the last month in relation to both friends and family, using a six point scale ranging from 0 (does not apply) to 5 (very often). Scores for each category were totalled in order to give two separate scores (between 0 and 65). The scale displayed high internal consistency with (internal consistency for Social Support from Friends, a = 0.82; Social Support from Family, a = 0.85). Health Care Climate Questionnaire (Williams et al., 1999) was administered at the 6-month follow-up to measure patients' perceptions of the degree to which their lifestyle change facilitator was autonomy supportive. The purpose of this measure was to provide an indication as to whether patients perceived the lifestyle change facilitators had adhered to the spirit of motivational interviewing within the consultations. The Health Care Climate Questionnaire contains 15 items. Scores are calculated by averaging the individual item scores. Prior to averaging item scores, the score of item 13 is reversed. Higher average scores represent a higher level of perceived autonomy support.
Socio-economic status
Occupation, education, and income are traditionally used to indicate socio-economic status and have been consistently shown to be very useful in describing and evaluating health inequalities. In the current study we collected multiple indicators of socio-economic status in order to ensure that we were able to clearly identify participants as representative of disadvantaged groups. These included highest educational attainment, occupation, and household income. Highest educational attainment was measured according to highest educational qualification on five levels (University degree or higher degree; A levels, National Vocational Qualification level 3, O level/CSE/GCSE or National Vocational Qualification 1 or 2; other qualification and no qualifications. Occupation was based on participants selecting a particular type (e.g., admin, clerical, managerial, routine manual, unskilled manual, homemaker etc.). Income was based on average household income per year before taxes and participants were asked to tick one of the following options: \£10,000; £10,001-£15,000; £15,001-£20, 000; £20,001-£30,000; £30,001-£50,000; £50,001-£100,000;[£100,000.
Criteria used to characterise the SES of the sample
In order to confirm that participants in the current sample were from low socio-economic status backgrounds, we identified household income as the primary criterion. Household income was used as the primary indicator of socio-economic status because it has a dose-relationship with health and is one of the best indicators of living standards (Lynch et al., 2000) . In order to be classified as a member of the 'lower SES group' the reported annual household income had to be £20,000 or less. On this basis, 120 participants met this criterion and were classified as low socio-economic status. A further 34 participants responded to the income question with 'prefer not to say' and could not be classified according to income. We therefore used additional indicators (occupation and highest educational attainment) to confirm whether these participants were from 'lower' socio-economic status backgrounds. Those who were unemployed (n = 6) were also added to the 'lower' socio-economic group.
Participants (n = 17) reporting an education level of 'no qualifications' or 'other qualifications' were included in the 'lower socio-economic status group'. The other (n = 11) participants did not meet the criteria for the 'lower socioeconomic status group' on either occupation or educational attainment.
Data analysis
Using a last observation carried forward intent to treat analysis throughout, we planned a series of 2 (time: baseline vs. 6-month follow-up) 9 2 (socio-economic status: high vs. low) 9 2 (attendance status: high vs. low) ANCOVAs with repeated measures on the first factor were used to determine whether (1) there was a significant effect for the intervention on the key outcome variables, namely, the physical activity and psychological variables related to behavior change from baseline to 6-month follow-up, (2) socio-economic status and attendance status influenced the outcome variables, and (3) there were interactive effects of the intervention with socio-economic status and attendance on the outcomes. We planned to include physical activity status, defined as whether participants achieved the minimum guidelines for physical activity at baseline, as a covariate in the analyses. We calculated change scores on all behavioral and psychological variables by subtracting baseline scores from follow-up scores. A one-way ANOVA was used to explore the effect of motivational interviewing dose (1-6 sessions) on physical activity change. Where appropriate, univariate follow-up F-tests were used to examine the location of the differences. Finally, hierarchical regression analyses were conducted to explore the predictors of change in physical activity.
Results
A total of 207 patients participated in the study, of which 64 were allocated to the 'higher socio-economic status group' and 143 to the 'lower socio-economic status group'. The majority (84 %) of the 'lower' group had a household income of £20,000 or less, with 29 % (n = 41) reporting a household income of £10-15,000, and 43 % receiving an annual household income of less than £10,000. Sixty-five percent (n = 135) of those recruited were female and 70 % were aged over 50 years. With respect to the ethnic makeup of the sample, 94 % classified themselves as White-British; a further 3 % classified themselves as White-other; 1 % described themselves as White-Irish, and 1 % described themselves as from different racial groups (Asian-Bangladeshi, Asian-Indian, and Mixed race). With respect to physical activity, 60 % were insufficiently active at baseline (i.e., not meeting the recommendations as outlined in the Chief Medical Officer's report; Department of Health, 2004). Sixty-five percent (n = 134) of patients completed both assessments. Of the 134 completing both assessments, 64.18 % (n = 86) were insufficiently physically active at baseline. Participants that completed both assessments attended a significantly greater number of motivational interviewing sessions (M = 2.50 sessions, SE = 0.13, p \ .001), and tended to be less physically active at baseline (M = 952.62 MET-minutes, SE = 135.97, p = .05), compared to those who completed only one assessment.
Regarding engagement with the intervention, participants attended an average of 2.16 (SE = 0.10) counselling sessions over the 6-months intervention period, with 45 % (n = 91), 23, 15, 8, 5, and 4 % attending 1, 2, 3, 4, 5, or 6 plus consultations respectively. A sub-sample of participants that attended the 6-month follow up (n = 66) completed the Health Care Climate Questionnaire (Williams et al., 1999) . Participants were found to highly endorse the autonomy supportive style of the sessions (M = 6.81, SE = .06) and scores for the scale were significantly greater than the mid-point of the scale (t (65) = 47.15, p \ .001, d = 11.70). Table 1 shows the baseline characteristics for all participants and for the 'lower' and 'higher' socio-economic status groups. Participants in the higher socio-economic status group had significantly higher levels of perceived behavioral control and lower stage of change and relative autonomy index for physical activity compared to the lower socio-economic status group. As a consequence, we controlled for the effect of variations in socio-economic status in our regression analyses along with other demographic variables in the first step prior to testing hypotheses of the predictors of physical activity variables. Table 2 displays the baseline and 6-month follow-up scores for all variables. A series of 2 (time: baseline vs. 6-month follow-up) 9 2 (socio-economic status: high vs. low) 9 2 (attendance status: high vs. low) ANCOVAs with repeated measures on the first factor were conducted to examine the main and interactive effects of socio-economic status and number of motivational interviewing sessions on the psychological and behavioral variables before and after the intervention and physical activity status at baseline as a covariate.
Results revealed a significant main effect for time on total physical activity (F(1,199) = 42.87, p \ .001, g The ANCOVAs indicate that the intervention was effective in increasing physical activity levels, as well as the psychological mediators, as evidenced by the main effects for time supporting our primary hypotheses. Importantly, the significant interaction effects for time and attendance provides sharp confirmation of the increased effectiveness of the intervention on the physical activity and key psychological variables among participants who attended 2 h or more of motivational interviewing sessions relative to those who attended 1 h or less. In addition, there were relatively few interactive effects of the intervention and socio-economic status on the psychological variables and no effects on the behavioral outcomes indicating that the effect of the intervention on the behavioral variables was relatively uniform across socio-economic status. In sum, considering the raft of psychological variables measured in the current study, it is apparent that the salient effects are those for the intervention, and its interaction with attendance, on the behavioral outcomes and key psychological mediators.
The time 9 attendance interaction effect on physical activity notwithstanding, it is important to note that the intervention was still effective among lower attendees. We also conducted a follow-up analysis to establish a more finegrained examination of the relationship between number of sessions attended and change in physical activity. We therefore used a one-way ANOVA to further explore the effect of motivational interviewing dose (1 to 6 sessions) on total physical activity change. A significant dose-response relationship was found (F (5, 194) = 4.74, p \ .001, g 2 p ¼ 0:11) such that the higher the number of motivational interviewing consultations, the greater the increase in physical activity. Post hoc least significant difference tests were conducted to identify the location of the differences. Table 3 displays the difference scores for mean change in total physical activity (MET-minutes) for groups defined by number of motivational interviewing consultations attended. The main trends indicate that differences lie between the lower sessions (1 and 2) and higher sessions (4 and 5). There were no significant differences found between 1 and 2 sessions or between 1 or 2 and 3 sessions. Furthermore, there were generally no significant differences in total physical activity change for those attending 6 sessions compared to those attending 2, 3, 4, or 5 sessions. Therefore, the data suggests that the optimal number of motivational interviewing consultations to increase total physical activity appears to be four or five sessions.
Finally, hierarchical regression analyses were conducted to explore the predictors of change in physical activity between baseline and 6-month follow-up. Prior to the analyses, we computed zero-order correlations among study variables in order to check for potential problems associated with multicolinearity. The correlations are presented in Table 4 . We found no correlations of a magnitude substantive enough to warrant concern and therefore proceeded with the analyses. The design of the regression was such that demographic and non-psychological variables (gender, age estimation, socio-economic status, number of motivational interviewing consultations) were entered in the first step, change in psychological variables from the theory of planned behavior, transtheoretical model and social support variables were entered in the second step, and finally, change in relative autonomy from self-determination theory was included in the final step. This regression model was used in each analysis predicting the four physical activity outcome variables (total physical activity, vigorous physical activity, moderate physical activity, and walking).
Focusing first on the model with total physical activity as the dependent variable, results indicated that the overall model predicted 28.3 % of the variance in total physical activity (R 2 = .28, F (11,174) = 6.25, p \ .001). The only predictor in the first step was number of motivational interviewing consultations (b = 0.31, p \ .001). In the second step, change in stage of change was a significant predictor (b = 0.38, p \ .001) along with number of consultations (b = 0.20, p \ .01). The inclusion of the relative autonomy index in the final step resulted in no For moderate physical activity, the overall model predicted 9 % of the variance in physical activity change and the overall equation was not significant (R 2 = .09, F (11,177) = 1.54, p = .12). There were no predictors except for change in stage of change at steps two and three (final b = 0.19, p \ .05), but this effect was relatively small.
Finally, the overall model predicted 21.0 % of the variance in walking change (R 2 = 0.21, F (11,177) = 4.27, p \ .001). In step one, number of sessions was a significant predictor (b = 0.29, p \ .01). Number of sessions (b = 0.20, p \ .01), change in stage of change (b = 0.28, p \ .001), and social support (friends) (b = 0.17, p \ .05) were significant predictors at step two. In the final step, there was no significant increment in the R 2 value such that number of sessions (b = 0.20, p \ .01), change in stage of change (b = 0.28, p \ .001), and change in social support (friends) (b = 0.16, p \ .05) were the only significant predictors of changes in walking.
Discussion
The three aims of the current study were to (1) investigate the effectiveness of using motivational interviewing within the primary care setting to increase physical activity amongst lower socio-economic status groups; (2) examine the degree of support needed to facilitate physical activity; and (3) explore the social-psychological and motivational predictors of physical activity behavioral change. In summary, there were significant increases in total physical activity, walking, vigorous physical activity, stage of change, and social support from baseline to follow-up. High attendees significantly increased total physical activity, walking, stage of change and family social support and reduced external regulation compared to low attendees. The social-psychological and motivational predictors of change in total physical activity were stage of change and number of motivational interviewing consultations. Predictors for walking were change in stage of change, social support friends, and number of consultations. The predictors of change in vigorous physical activity included change in attitudes, perceived behavioral control, social support, and number of motivational interviewing consultations.
In relation to the first aim, the significant increase in physical activity at 6-months found in the present research corroborates the findings of similar studies that have found motivational interviewing to lead to significant increases in physical activity (Benbassat et al., 2008; Hardcastle et al., 2008) . Findings of the current study are in contrast to some studies that have reported null findings for the effect of intensive motivational interviewing (e.g., 3 to 6 sessions) on physical activity compared to standard care (Whittemore et al., 2009; Groeneveld et al., 2010) . To speculate, possible reasons for this difference may lie in variations in methodological approach and study design. In terms of methodological approach, there are clear differences in the intensiveness of the training of the facilitators. For example, the lifestyle change facilitators in the present study received a total of 6 days training compared to the 3 days cited by Groeneveld et al. (2010) . Furthermore, it seems that the facilitators in the current research had greater experience compared to other studies. For example, the facilitators employed in the present study had been implementing motivational interviewing for over 6 months prior to the start of data collection while facilitators in the Groeneveld et al. study underwent a 6-week pilot in which to practice motivational interviewing. It is therefore possible that motivational interviewing experience may have contributed to the differences in intervention effectiveness observed across these studies. However, it is also important to note that the current study adopted a non-controlled design while those finding null effects (e.g., Groeneveld et al., 2010) included a control group, precluding the ability to make definitive comparisons that unequivocally point to facilitator training and experience as moderating factors.
Our findings suggest that motivational interviewing is effective in facilitating physical activity behavior change in lower socio-economic status groups and is in contrast with previous research that has found interventions to increase physical activity in low socio-economic status groups to be of limited effectiveness or ineffective (Yancey et al., 2006; Dutton et al., 2007; Keyserling et al., 2008) . Although the current sample was recruited from areas with overall high social deprivation, we went to some effort to ensure that our participants could be characterised as members of a 'lower' socio-economic status group; the majority (69 %) of the sample were classified into this group based on our primary criterion of household income, followed by employment status and education. We used this classification to control for the effect of variations in socio-economic status in all analyses. However, the sample as a whole could be considered representative of lower socioeconomic status. Indeed, the UK national household income has been calculated to be between £32,000 and £36,000 (Oguz & Knight, 2010) and, in the current study, 76 % of participants declared a household income of less than £30,000.
2 This is unsurprising given that Hastings (the recruitment area) ranks amongst the 10 % most deprived areas in the country (East Sussex County Council, 2010) . On this basis, we are confident that the current intervention is effective in a population with predominantly low levels of socioeconomic status and comparatively high levels of social deprivation.
In relation to the second aim, the current findings support previous findings that have identified a dose-response relationship for motivational interviewing within health research (Burke et al., 2003; Rubak et al., 2005) . For example, in a meta-analysis of adapted motivational interviewing in treating problem behaviors, Burke et al. (2003) found high-dose studies to yield larger effect sizes. A meta-analysis by Rubak et al. (2005) also found a sig-nificant effect in 40 % of studies with just one counselling session, but in 87 % of studies where individuals received more than five encounters. However despite such research, several authors (e.g., Bennett et al., 2008; Greaves et al., 2008) have been unable to replicate this relationship. For example, although Hardcastle et al. (2008) found high attendees (3-5 sessions) to increase their vigorous physical activity, walking, and overall physical activity compared to low attendees (2 or less MI sessions), no significant dose response relationship was identified. Another study (Harland et al., 1999) including four intensity-related intervention groups or control, also found no significant effect as a result of attending more than one motivational interviewing interview.
To our knowledge, the current study is the first to demonstrate a clear dose-response effect within physical activity research using multiple motivational interviewing intervention sessions. The optimum number of sessions would appear to be 4 or 5 h/sessions of motivational interviewing. High attendees also reported significantly increased stage of change and perceived family social support across the intervention compared to low attendees. This provides some preliminary evidence that the intervention had an impact on key psychological mediators of physical activity change amongst high attendees.
A lack of research on the active ingredients of motivational interviewing (Burke et al., 2003) has made it difficult to draw firm conclusions regarding how motivational interviewing facilitates behavior change. In relation to the final aim, the current study sought to explore the predictors of physical activity behavior change, and, in particular, the degree to which change in autonomous motivation from self-determination theory, change in attitudes and perceived behavioral control from the theory of planned behavior, change in self-efficacy and social support (social cognitive theory) and change in motivational readiness (transtheoretical model) predicted change in physical activity. The main psycho-social predictors of physical activity change were number of sessions and change in stage of change. The finding that change in stage of change predicted physical activity change (both for total physical activity and walking) is consistent with a central purpose of motivational interviewing; that is, to increase client readiness to change (Miller & Rollnick, 2002) .
Change in stage of change, social support (from friends and family) and self-efficacy were the key psychological variables that significantly increased as a result of the intervention. This is consistent with the theoretical underpinnings of motivational interviewing and the common strategies adopted within motivational interviewing. Specifically, we would expect readiness to change (and hence motivation) to increase given the emphasis placed on strategies to build motivation for change including agenda setting, decisional balance, assessing importance and eliciting change talk. 'Two possible futures' was also used as a tool to build motivation for change by evoking and strengthening patient's personal reasons for change. According to Rollnick et al. (2008) increasing client confidence is an explicit aim of motivational interviewing and self-efficacy has been implicated as a key mediator of change in behavioral outcomes. For example, one of the key principles of motivational interviewing is that of supporting self-efficacy (by empowering the patient and encouraging optimism and hope) and key strategies include the assessment of confidence, confidence building, positive feedback, and development of appropriate goals.
Recent research has also shown motivational interviewing to significantly increase self-efficacy within selfmanagement of diabetics (Chen et al., 2011) and in the area of substance abuse (Rohsenow et al., 2004) . The finding that social support significantly increased in the current study is not unsurprising given the supportive and relational elements of motivational interviewing. Rollnick and Miller (1995) describe the 'spirit' of motivational interviewing to be a critical component of its efficacy. The 'spirit' is described as collaborative rather than authoritarian and one that respects the client's autonomy. Through the expression of empathy, through exploration of client's concerns and options and through autonomous decision-making, it is likely that patients felt supported by the lifestyle change facilitators. Adherence to the spirit of motivational interviewing has been shown to be a strong predictor of behavior change (Moyers et al., 2005) and it is likely that these relational aspects contribute to outcomes via feeling supported and valued. In addition, the lifestyle change facilitators may have addressed social support directly with patients and encouraged them to recruit family members and friends to support their attempts at behavior change. It may also be the case that the facilitators were considered as a 'friend' helping patients in their efforts to change.
The predictors of vigorous physical activity change were perceived behavioral control, social support from friends, and attitudes. These findings support previous research that perceived behavioral control is a significant predictor of physical activity behavior change (Lorentzen et al., 2007; Kamphuis et al., 2009 ). Meta-analyses of the theory of planned behavior applied to multiple behavioral outcomes (Armitage & Conner, 2001 ) and specific to physical activity ) have shown perceived behavioral control to have a medium to large effect size with attitudes and perceived behavioral control to be significantly correlated with intention. The finding that increased social support from friends predicted change in both vigorous physical activity and walking is consistent with recent research pointing to the significance of social support in both decreasing saturated fat intake and increasing time spent in physical activity (Burke et al., 2008) and to research suggesting that social support in a key predictor of self-regulation of physical activity in older adults (Umstattd et al., 2006) . Present findings have important implications for practitioners in public health contexts with a remit to promote physical activity among people who are insufficiently or moderately active and from underprivileged backgrounds. Current results support the effectiveness of motivational interviewing to promote increased physical activity in disadvantaged communities with low levels of physical activity. The provision of motivational interviewing training among healthcare professionals tasked with promoting physical activity would also be an important endeavour. In addition, a targeted process of referral, by healthcare professionals within primary care appears to be an important pathway through which such participants gain access to motivational interviewing for health promotion. Although the current research suggests that any exposure to the intervention promoted increased physical activity, an important implication of the current study is that attendance to multiple sessions, with an optimal number appearing to be four to five sessions, leads to significantly greater physical activity participation relative to fewer sessions. Practitioners delivering motivational interviewing should, therefore, encourage patients to attend multiple sessions in order to maximise potential gains.
Strengths and limitations
The present study has numerous strengths including the adoption of a theory-based client-centred intervention technique known to be effective in changing behavior; the inclusion of a gamete of theory-based social-psychological and motivational mediators of physical activity behavior change (Dombrowski et al., 2011) , and the adoption of an intention-to-treat analyses. In addition, the present study also included comprehensive training of the practitioners delivering the intervention involving advanced motivational interviewing training, ongoing supervision and feedback. Furthermore, there were five lifestyle change facilitators, collecting data across 15 practices which helps to rule out issues of research bias both in terms of practitioner and 'type' of patient. Finally, the intervention was conducted in a participant group from a low socioeconomic status community which is a difficult to reach and insufficiently-studied group and was such that it could be easily integrated into routine practice to demonstrate good translational efficacy (Dunn, 2009) . Together these unique features demonstrate the importance of the current research in contributing to knowledge and understanding of interventions to promote behavior change in physical activity in this often neglected population.
However, it would be remiss not to mention some of the limitations of the current research including the reliance on self-report measures, particularly for physical activity, and the absence of a standard-care control group. Due to organizational barriers and resource implications, the research was unable to access alternative health practices to form a control arm for the study. There were also no interim measures of the psychological variables, meaning that potential changes in the psychological variables could have been diluted due to the time lag between baseline and the 6-month follow-up. However, this time lag also had the effect of demonstrating the sustained effects of the intervention on these psychological mediators as well as providing a relatively conservative estimate of the power of the effect. Limited resources also prevented the assessment of treatment integrity over the course of the intervention. We therefore cannot guarantee that facilitator's effectively employed motivational interviewing consistently during the intervention. However, given the intensive level of training (6 days), feedback and monitoring, as well as the 6 months experience of practicing motivational interviewing within routine consultations prior to the start of the research study, we are confident in their ability to use motivational interviewing consistently and effectively with patients.
Conclusions
The present study adds to the growing literature supporting the effectiveness of motivational interviewing in promoting physical activity behavior change, and is one of the first to demonstrate a clear dose-response relationship between motivational interviewing and physical activity change. Findings of this research contribute towards both ''gaps in the evidence'' in relation to brief interventions in primary care and the effect of an intervention across lower socioeconomic groups (National Institute for Health and Clinical Excellence, 2007; Blaxter, 2007) , but also to a limited number of physical activity interventions targeting low income groups within the UK (Michie et al., 2009 ).
